Mechanical properties of peptidoglycan as determined from bacterial thread.
Experiments are described in which the tensile strength, the extensibility and the initial Young's modulus of bacterial cell wall have been determined as functions of relative humidity in the range 11-98%. Data on stress relaxation and recovery are also given. Standard fibre-measuring technique has been used on 'bacterial thread', made from a cell-separation-suppressed mutant of Bacillus subtilis. The data show that peptidoglycan, the load bearing polymer in the cell wall, behaves very much like other viscoelastic polymers. Its mechanical behaviour when dry is that of a glassy polymer with tensile strength about 300 MPa and modulus about 20 GPa. When wet, it is weaker and much less stiff with tensile strength about 3 M Pa and modulus 10 M Pa. The relaxation data indicate a wide spectrum of relaxation times. The results are discussed in terms of the structure of peptidoglycan and its orientation in the bacterial cell wall. The way in which mechanical behaviour depends strongly on humidity is compared with that of other biopolymers in terms of possible hydrogen-bond density and the ordering of water molecules. The possibility of a well-defined glass transition is briefly examined.